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Introduction
As one of the most common types of cancer, breast cancer represents the most prevalent and lethal malignancy among female. Its incidence in China has gradually increased accompanied with the changes in people's lifestyle (Wang et al., 2013) . Despite developments in surgery and the increased number of drugs for radio-and chemotherapy, post-operative morbidity and other health problems significantly reduced the life quality of patients (Li et al., 2013) . Thus, a better understanding of the molecular mechanism that drives breast cancer growth and invasion is required to promote development of more effective therapies for breast cancer patients.
GABA, also known as γ-aminobutyric acid, was originally identified as a principal inhibitory neurotransmitter which widely distributes in the adult mammalian brain (Watanabe et al., 2002) . There are three different types of GABA receptors including ionotropic receptor families GABA A R and GABA C R. GABA A R is commonly used as a drug target in clinical practice, while GABA C R is found exclusively in the retina. As G protein-coupled receptors (GPCR), GABA B receptors are seven trans-membrane receptors which are coupled to G-proteins to counteract the activity of betaadrenoreceptors (β-ARs) in the central nervous system via GABA B receptor-mediated inhibition of adenylyl cyclase (Chebib et al., 1999; Gladkevich et al., 2006) . However, researchers recently have discovered GABA and GABA * receptors also exist in many peripheral tissues and play a pivotal role in many physiological and pathological processes outside the nervous system (Watanabe et al., 2002) . Moreover, several reports recently showed that GABA and GABA B R can reduce the migratory activity in colon carcinoma cells and breast cancer cells (Joseph et al., 2002; Drell et al., 2003) . Tatsuta M et al. discovered that the GABA B receptor agonist baclofen inhibited the growth of colon tumors via the GABA B receptor (Tatsuta et al., 1992) . Consistent with its anti-cancer effect, Schuller HM et al. revealed that GABA B R inhibited β-ARs signaling in PDAC and pancreatic duct epithelial cells and blocked driving forces of cancer progression (Schuller et al., 2008) . These findings raise new questions regarding understanding the function of GABA and GABA receptors and the prevention and treatment of cancer.
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β-arrestin Promotes c-Jun N-terminal Kinase Mediated
As key regulators of GPCR signaling, β-arrestins carry out many important roles in G protein-regulated biological functions (Ferguson, 2001; Lefkowitz et al., 2005) . The β-arrestins (β-arrestin 1 and β-arrestin 2) are ubiquitously expressed proteins that are instrumental in negative regulation of GPCR signaling and have been shown to regulate receptor desensitization and internalization (Pfister et al., 1985; Benovic et al., 1987; Goodman et al., 1996; Krupnick et al., 1997; Laporte et al., 2002) . β-arrestins also function as signaling scaffolds for the organization of signaling complexes, including Src family members, mitogen-activated protein kinases (Luttrell et al., 1999; DeFea et al., 2000a; DeFea et al., 2000b) . Together with Luttrell and McDonald' study showing that overexpression of ASK1 or activation of angiotensin II type 1α receptor (AT1aR) has led to a significant increase of phosphorylated JNK in the presence of β-arrestin2 and β-arrestin2 and JNK are all distributed in endosomal vesicle compartment, in turn, there is raised the possibility that β-arrestins may mediate the activation of JNK (McDonald et al., 2000; Luttrell et al., 2001 ).
c-Jun N-terminal kinases (JNKs), as a distant member of the superfamily of the mitogen activated protein kinase (MAPK), is encoded by three distinct genes, namely JNK 1 , JNK 2 and JNK 3 (Gupta et al., 1996; Dhanasekaran et al., 1998; Dhanasekaran et al., 2007) . Recent studies have shown that JNKs are indispensable for cell apoptosis in mitochondrial intrinsic as well as death receptor-initiated extrinsic apoptotic pathways (Dhanasekaran et al., 2008) . Activated JNKs initiate apoptotic pathways by the upregulation pro-apoptotic genes via the transactivation of specific transcription factors or by directly modulating the activities of mitochondrial pro-and anti-apoptotic proteins through distinct phosphorylation events (Fan et al., 2001; Aoki et al., 2002) . For example, activated JNK can phosphorylate the transcription factors c-Jun at the N-terminal Ser-63 and Ser-73 residues to up-regulate the pro-apoptotic genes (Hibi et al., 1993; Derijard et al., 1994) . Moreover, it can also phosphorylate 14-3-3 and promote Bax translocation to mitochondria, increase the release of cytochrome c and increase caspase-3 activation to induce apoptosis (Tournier et al., 2000; Yuan et al., 2000) . Taken together, there may exist the triplicate complex GABA B R·β-arrestin·JNK, which could form a signaling module to involve in the determining cell survival or apoptosis fate.
Despite the fact that β-arrestins participate in the regulation of cell proliferation and apoptosis have been found (Ma et al., 2007) , the molecular mechanisms mediating these effects remain at best only partially understood. Furthermore, β-arrestin mediate JNK-induced apoptosis via GABA B R·β-arrestin·JNK signal module has not been investigated. Therefore, we investigated the interaction of β-arrestin with GABA B R and JNK and consequent proliferation and apoptosis of the breast cancer cells. Our results may indicate that β-arrestin is a potential candidate for a new clinical marker, which should be of great value clinically.
Materials and Methods
Cell lines and transient transfection
MCF-7 (the human breast cancer cell lines), T-47D (the human ductal breast carcinoma cell lines) and HK-2 (the human proximal tubular epithelial cells) were purchased from the Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, China). Cells were cultured in DMEM (Gibco-BRL, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (Invitrogen, Shanghai, China) and maintained in incubators at 37℃, 5% CO 2 . Cells were grown to 90% confluence before being transiently transfected with β-arrestin plasmid using Lipofectamine 2000 (Invitrogen, Shanghai, China) according to the manufacturer's instructions. Six hours after transfection, the medium containing transfection reagents was removed and incubated in fresh medium. Twenty-four hours after transfection, cells were lysed for Western blotting, and subjected to CCK-8 cell proliferation assay, Annexin V/ Propidium Iodide apoptosis assay.
Western blotting
Cells were harvested and washed twice with PBS. Cell lysates were centrifuged at 15,000 g at 4℃ for 15 min, and the concentration of protein was determined using the bicinchoninic acid (BCA) Kit (Pierce, USA) according to the manufacturer's instructions. Finally, the protein samples were denatured, electrophoresed on SDS-polyacrylamide gels, transferred to nitrocellulose membranes and incubated overnight at 4℃ with the following antibodies: anti-β-arrestin, anti-JNK, antip-JNK, anti-GABA B R, anti-β-actin (Santa Cruze, CA, USA). Membranes were then washed and incubated with secondary antibodies (goat anti-mouse IgG and goat anti-rabbit IgG) for 2 h, stained by coloration fluid which contains 10 ml alkaline phosphatase buffer, 66 μl NBT, and 33 μl BCIP, and finally, the membrane is scanned.
Immunoprecipitation
Cells were harvested and lysates (400 μg of protein) were prepared in HEPES buffer (pH7.4), containing 50mM HEPES, 10% glycerol, 1% Triton X-100, 150mM NaCl and 1mM each of EGTA, PMSF, EDTA, Na 3 VO 4 ). Samples were preincubated for 1h with 20 μl protein A agarose at 4℃ and then centrifuged to remove proteins adhered non-specifically to protein A. The supernatants were incubated with 1-2 μg antibodies overnight at 4℃. They were then incubated with protein A agarose at 4 ℃ for 2h before three washes with HEPES buffer. Immunoprecipitates were suspended in sodium dodecyl sulfate (SDS) sample buffer and subjected to SDSpolyacrylamide gel electrophoresis (PAGE) and western blotting.
Cell proliferation assay
Cells (1×10 4 per well) were seeded in a 96-well culture plate and treated with transfection of β-arrestin. Cell survival rate was detected using 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay at various time points 24 h, 48 h, 72 h and 96 h according to the manufacturer's instructions. The optical density at 490nm was measured on ELX-800 spectrometer reader (Bio-Tek Instruments, Winooski, USA). Four replicate wells were tested per assay and each experiment was repeated three times.
Annexin V-FITC binding assay
Cell culture and treatment were performed as described above. Cells were washed twice with ice-cold PBS, then incubated with 200 μl 1×binding buffer containing 5 μl Annexin V-FITC, and then in 300 μl 1×binding buffer containing 5 μl Propidium iodide (PI) for 5 minutes at room temperature in the dark. After incubation, cells were visualized under a fluorescence microscope. Under microscopy, 5 fields were randomly selected from every 
Statistical analysis
All values are expressed as means ± SD. Student's t-tests or one-way analysis of the variance (ANOVA) was performed for determination of P values with SPSS 16.0 software (SPSS). All experiments were performed at least three times unless otherwise indicated. P-value<0.05 was considered as statistically significant.
Results
β-arrestin expression is decreased in breast cancer cells
Western blot analysis was used to detect the expression of β-arrestin. β-arrestin was substantially expressed in different cells, while MCF-7 and T-47D cells displayed lower level of β-arrestin expression compared with HK-2 cells ( Figure 1A-B) indicating that β-arrestin was commonly expressed in the cells above whereas the expression in breast cancer cells was lower.
Overexpression of β-arrestin facilitates the assembly of GABA B R·β-arrestin·JNK signaling module and induces the activation of JNK
To look further into the function of β-arrestin, pcDNA3.1-control or pcDNA3.1-β-arrestin plasmids were transiently transfected into MCF-7, T-47D or HK-2 cells. Twenty-four hours after transfection, β-arrestin protein was significantly over-expressed (Figure 2A-B) . Transfected cells were subjected to immunoprecipitation (IP) and immunoblotting (IB). To test the hypothesis mentioned previously that the triplicate complex GABA B R • β-arrestin • JNK may exist so as to facilitate the activation of JNK signaling pathway, we detected the association of JNK and GABA B R by using GABA B R antibody following with JNK antibody for immunoprecipitate and immunoblotting, respectively. Correspondingly, the interactions of GABA B R and JNK with β-arrestin were also detected by the above co-immunoprecipitation. As shown in Figure 2C , the interactions of GABA B R and JNK with β-arrestin were enhanced in MCF-7 and T-47D cells. However, no coprecipitation of β-arrestin with JNK or GABA B R was observed in HK-2 cells. As JNK can function as a pro-apoptotic kinase and is involved in other stimuli-induced apoptosis in non-neuronal cells (Davis, 2000; Lin, 2003) . We investigated whether overexpression of β-arrestin could enhance the phosphorylation of JNK. Interestingly, we found that in all three cell lines, β-arrestin overexpression could phosphorylate JNK whereas JNK protein level stayed invariable, suggesting that JNK activation was attributed to phosphorylation induced by overexpression of β-arrestin treatment ( Figure 3A-B) . The data above indicated that β-arrestin overexpression enhanced the activation of JNK via GABA B R·β-arrestin·JNK signaling module in MCF-7 and T-47D cells.
Overexpression of β-arrestin inhibits cell proliferation
To investigate whether β-arrestin-mediated JNK activation could affect cancer cell growth, cell proliferation assay was performed after β-arrestin overexpression in HK-2, MCF-7 and T-47D cells with the absorbance values detected at 24, 48, 72 and 96 h respectively. Results showed that the cell proliferation were similar between the control group and the treatment group after β-arrestin overexpression in MCF-7 and T-47D cells within 24 h (P> 0.05), while within 48h, 72h and 96h, the difference were statistically significant in two groups ( Figure 4A-B) . In contrast, there was no significant difference in HK-2 cells ( Figure 4C ). Results showed that breast cancer cells proliferation after overexpression of β-arrestin were dramatically inhibited.
Overexpression of β-arrestin induces apoptosis
Since β-arrestin overexpression could promote JNK phosphorylation, we next demonstrated whether JNK activation could affect cell apoptosis in MCF-7 and T-47D cells. Annexin V-FITC binding assay was used to observe apoptotic cells by fluorescence microscope.
Our results showed that high levels of Annexin V-FITC positive cells existed in the treatment groups after β-arrestin overexpression when compared with control groups in MCF-7 and T-47D cells at prophase ( Figure  5A -B) and anaphase ( Figure 5C-D) . In contrast, HK-2 cells after overexpression of β-arrestin did not show any change in the number of apoptotic cells (Figure 5A-D) . Together, these data demonstrated that β-arrestin is critically important for cell survival and overexpression of β-arrestin could promote cell apoptosis in MCF-7 and T-47D cells.
Discussion
The discovery of β-arrestins resulted from the observation that β adrenergic receptor kinase progressively lost the ability to desensitize G protein activation in a reconstituted β-2 adrenergic receptor system (Benovic et al., 1987) . The β-arrestins are ubiquitously expressed proteins that play an important role in regulating signal transduction by numerous G-protein-coupled receptors (Lefkowitz et al., 2005; Reiter et al., 2006) . Here we demonstrated that the expression of β-arrestins was DOI:http://dx.doi.org/10.7314/APJCP.2014 .15.2.1041 significantly decreased in MCF-7 and T-47D cells than in HK-2 cells, which was consistent with studies by Wu and colleagues indicated that the serum level of β-arrestin2 in non-small-cell lung cancer patients were all significantly lower than those in healthy controls (Wu et al., 2011) .
Recent evidence shows that β-arrestins can also serve as a scaffold to recruit endocytic proteins and a variety of signaling molecules to the receptors, thus connecting GPCR to JNK 3 and p38 of MAPK family subsequently (McDonald et al., 2000; Bruchas et al., 2006) . In addition, GABA B receptor is a member of G protein-coupled receptor family and is therefore related to chemokine receptors and catecholaminergic receptors, which both have been shown to be involved in the regulation of tumor cell migration (Entschladen et al., 2002) . Thus, it is closely linked GABA B receptor to β-arrestins and JNK. Results of reciprocal co-IP and IB showed that β-arrestin overexpression in MCF-7 and T-47D cells not only increased the interactions of GABA B R with JNK and β-arrestin, but also increased the interaction of β-arrestin and JNK. At the same time, results from western blot provided strong evidence that overexpression of β-arrestin induced JNK activation. These results suggested that β-arrestin recruited JNK to GABA B R to promote the activation of JNK in breast cancer cells. In contrast to β-arrestin-mediated JNK activation, there does not exist GABA B R·β-arrestin·JNK signaling module in HK-2 cells.
Deregulation of apoptosis has been implicated in cancer (Rinkenberger et al., 1997) . The initiation and execution of apoptosis is regulated by many intracellular signaling pathways, including the JNK pathway (Davis, 2000) . JNKs belong to the superfamily of MAP-kinases and are indispensable for both cell proliferation and apoptosis. Whether JNKs activation leads to cell proliferation or apoptosis is dependent on the cell type, nature of the death stimulus (Lin et al., 2002; Liu et al., 2005) . Current study showed that the activation of JNK inhibited breast cancer cells proliferation and resulted in the apoptosis of tumor cells. Notably, β-arrestin overexpression promoted the phosphorylation of JNK in HK-2 cells, while JNK activation did not modulate the apoptosis of HK-2 cells. The possible explanation about the discrepancy may be attributed to different ways in gene expression regulation of β-arrestin and nature of the death stimulus. These data also suggested the reduction of β-arrestin may contribute to the development of breast cancer. Therapeutic administration of β-arrestins selective agonist may thus provide an effective novel tool for the treatment and prevention of breast cancer.
In conclusion, our data provides evidence that the expression of β-arrestin is decreased in breast cancer cells, and overexpression of β-arrestin recruits JNK to GABA B R to promote the activation of JNK. The subsequent activation of JNK can induce the apoptosis of breast cancer cells. It suggests that β-arrestin overexpression promotes JNK mediated apoptosis via GABA B R·β-arrestin·JNK signaling module. Thus, β-arrestin may provide a promising therapeutic approach for breast cancer. 
